Abstract: A series of Schiff's bases (E)-N-2-aryliden-2-(4-methyl-2-oxo-2H-chromen-7-yloxy)acetohydrazides 2a-l and N-(2-(substituted phenyl)-4-oxo-thiazolidin-3-yl)-2-(4-methyl-2-oxo-2H-chromen-7-yloxy)acetamides 3a-l were synthesized and evaluated for their antioxidant activity by the phosphomolybdenum method. Most of the Schiff's bases and thiazolidine-4-ones bearing two hydroxyl groups on the phenyl ring showed excellent antioxidant activity in comparison with ascorbic acid. Preliminary investigation on cytotoxic and antifungal activity was done on some representative samples.
Introduction
The structural and therapeutic diversity of small heterocyclic molecules coupled with their commercial viability has long fascinated organic and medicinal chemists. Heterocycles containing the coumarin ring system include some novel pharmacologically active compounds such as dicumarol, warfarin, mercumatilin and novobiocin. Natural coumarins affect the formation and scavenging of ROS and influence free radical-mediated oxidative damage [1] .
OPEN ACCESS
Azomethine group (-C=N-)-containing compounds, typically known as Schiff's bases, have been synthesized via condensation of primary amines with active carbonyls. It is well established that the biological activity of hydrazone compounds is associated with the presence of the active (-CO-NH-N=C-) pharmacophore and these compounds form a significant category of compounds in medicinal and pharmaceutical chemistry with several biological applications that include antitumoral [2, 3] , antifungal [4] [5] [6] [7] [8] [9] , antibacterial [4] [5] [6] [7] [8] [9] [10] [11] , antimicrobial [12] and anthelmintic uses [13] . Schiff's base complexes play an important role in designing metal complexes related to synthetic and natural oxygen carriers [14] .
In recent years, 4-thiazolidinones and 2,4-thiazolidinediones have been among the most extensively investigated classes of organic compounds. Thiazolidine derivatives are reported to show a variety of biological activities. The presence of a thiazolidine ring in penicillin and related derivatives was the first recognition of its occurrence in nature [15] . Thiazolidine-4-one represents a prevalent scaffold in drug discovery [16] . Literature surveys show that thiazolinylhydrazones exhibit antitubercular and antimicrobial activities [15] , and their pronounced antioxidant [17] and antifungal [18] activity has also been reported. Thiazolidine-4-ones have many interesting activity profiles, namely COX-1 inhibitors [19] , inhibitors of the bacterial enzyme MurB, which was a precursor acting during the biosynthesis of peptidoglycan [20] , non-nucleoside inhibitors of HIV-RT [21] and anti-histaminic agents [22] . Depending on the substituents, 4-oxothiazolidine ring can induce different pharmacological properties such as antibacterial [23] , antimycobacterial [24] , anticonvulsant [25] or anti-inflammatory activity [26] and it has been reported that the introduction of arylidene moieties at different positions of the thiazolidinone ring enhanced biological activity [27] [28] [29] . Some authors examined the ability of this ligand structure to form complexes with some radionuclides for potential use in nuclear medicine [30] . Thus, coumarins containing a Schiff's base and a thiazolidinone moiety are expected to have enhanced biological activities.
Results and Discussion

Synthesis
In our ongoing research to synthesize potentially biologically active thiazolidinone derivatives we have now described a series of (E)-N-2-aryliden-2-(4-methyl-2-oxo-2H-chromen-7-yloxy)acetohydrazides 2a-l and N-(2-aryl-4-oxo-thiazolidine-3-yl)-2-(4-methyl-2-oxo-2H-chromen-7-yloxy)-acetamides 3a-l (Scheme 1). The series of Schiff ' s bases 2a-l was prepared similarly to those previously described [5, 6, 12, 13, 31] , by refluxing solutions of different suitable aromatic aldehydes and hydrazide 1 in absolute ethanol for 2 to 4 hours, in a presence of catalytic amount of glacial acetic acid. The structures of the products 2a-l were inferred from their analytical and spectral data. Starting material 1 was prepared as indicated in Scheme 2. Its IR spectrum showed absorption bands in the 3,317 cm -1 (hydrazide NH-NH 2 ), 3,269 cm -1 (aromatic C-H), 1,711 cm -1 (-C=O carbonyl stretching) and 1,621-1,640 cm -1 (-CO-NH-NH 2 groups) regions, respectively. The 1 H-NMR spectrum exhibited a singlet due to the -CO-NH-NH 2 , NH proton at δ 9.32 ppm. Methylene protons (-OCH 2 -) resonated as singlets at 4.85 ppm. Scheme 1. Synthesis of 2,3-disubstituted-1,3-thiazolidine-4-ones 3a-l.
Scheme 2. Synthesis of (4-methyl-2-oxo-2H-chromen-7-yloxy)acetic acid hydrazide 1.
The IR spectra of compounds 2a-l showed characteristic bands at 3,448-3,278 cm -1 (OH; NH), 1,709 cm -1 and 1,672 cm -1 (C=O, lactone) and 1,620 cm -1 (C=O, amide, HC=N azomethine). The 1 H-NMR spectra did not only show the absence of NH 2 protons at 3.38, but also the presence of N=CH proton at 8.30 ppm. N-(2-aryl-4-oxo-thiazolidine-3-yl)-2-(4-methyl-2-oxo-2H-chromen-7-yloxy) acetamides 3a-l were obtained by the reaction described in [29] , which was performed by refluxing the solutions of Schiff's bases 2a-l and thioglycolic acid in 1,4-dioxane in the presence of anhydrous ZnCl 2 for 6-8 hours. Formation of 2,3-disubstituted 4-thiazolidinones 3a-l was confirmed by IR spectroscopy, which showed the ring C=O stretching characteristic of 1,3-thiazolidine-4-ones ring in the range of ν max 1,690-1,730 cm -1 . 1 H-NMR spectra for 3a-l showed methylene CH 2 (COCH 2 S) protons of the 4-thiazolidinone ring between δ 3.34-3.38 ppm as the singlet signal and δ5.26-5.29 ppm for CH (SCHN); proton of the 4-thiazolidinone ring as a singlet signal. Figure 1 . show that substituents on the phenyl ring have a great influence on antioxidant activity. In descending order the effects of the various substituents on the phenyl ring of the Schiff's bases were found to be: 2,5(OH) 2 
Antioxidant activity
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. Among the Schiff's compounds 2g and 2d have better antioxidant activities than ascorbic acid (1.54 and 1.34 times better, respectively). Both of these compounds have two electron donating OH groups on phenyl ring, one of them being in ortho position in both cases. They also posses another electron donating group, the presence of which obviously contributes to increased antioxidant activity, as the compound 2a with only one OH group in the ortho position did not show relevant antioxidant activity. AA 2a 2b 2c 2d 2e 2f 2g 2h 2i 2j 2k 2l 3a 3b 3c 3d 3e 3f 3g 3h 3i 3j 3k 3l
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The effects of various substituents on phenyl ring of 1,3-thiazolidine-4-ones in descending order were found to be: 2,5-(OH) 2 
. Among the series of 1,3-thiazolidine-4-ones, compounds 3g, 3d and 3e have better antioxidant activity than ascorbic acid (1.48, 1.41 and 1.40 times better, respectively). All of these compounds also have two electron donating OH groups on the phenyl ring, one of them being in an ortho position. Presence of another OH group, no matter the position on the phenyl ring, obviously contributes to increased antioxidant activity, like in the series of Schiff's bases.
Observing the overall data for antioxidant activity, it is clear that the presence of two hydroxyl groups has a great influence on radical scavenging activity. Schiff's base 2g shows the greatest antioxidant activity of all investigated compounds, followed by the 1,3-thiazolidine-4-one 3g, both having 2,5-(OH) 2 substituents on phenyl ring, which is in accordance with the results of Lin et al. [32] who reported correlation of radical-scavenging effects of coumarins with the number of hydroxyl groups.
Experimental
General
The melting points were taken on an Electrothermal capillary melting point apparatus and are uncorrected. Thin-layer chromatographies were performed using HF 254 fluorescent silica gel plates (Merck), which were examined under UV 254 and 365 nm light. Silica gel (230-400 mesh) was used for flash chromatography separations. The elemental analysis for C, H and N were done on a PerkinElmer Analyzer 2440. Infrared spectra (ν/cm -1 ) were recorded on a Beckmann FT-IR 3303 instrument, using KBr disks. 1 H-and 13 C-NMR spectra were recorded on JEOL EX-270 MHz NMR Spectrometer at 293 K in DMSO-d 6 . Spectra were internally referenced to TMS. Peaks are reported in ppm downfield of TMS. The absorbance was measured on a Helios γ UV visible spectrophotometer (Thermo Spectronic, Cambridge, UK).
General procedure for preparation of (E)-Ń'-arylidene-2-(4-methyl-2-oxo-2H-chromen-7-yloxy)-acetohydrazides 2a-l
A mixture of compound 1 (0.01 mole) and a suitable aromatic aldehyde (Ar/a-k; 0.01 mole) was refluxed in absolute ethanol (30 mL) in presence of a catalytic amount of glacial acetic acid for 2 to 4 hours. The reaction mixture was cooled and the precipitate was filtered and recrystallized from methanol to give compounds 2a-l. 
(E)-Ń'-(2-Hydroxybenzylidene)-2-(4-methyl-2-oxo-2H-chromen-7-yloxy)acetohydrazide
(E)-N´-(2,3-Dihydroxybenzylidene)-2-(4-methyl-2-oxo-2H-chromen-7-yloxy)acetohydrazide (2d
(E)-N´-(2,5-Dihydroxybenzylidene)-2-(4-methyl-2-oxo-2H-chromen-7-yloxy)acetohydrazide (2g
(E)-N´-(4-Hydroxy-3-methoxybenzylidene)-2-(4-methyl-2-oxo-2H-chromen-7-yloxy) acetohydrazide
(E)-N´-(3-Phenoxybenzylidene)-2-(4-methyl-2-oxo-2H-chromen-7-yloxy)-acetohydrazide (2i
(E)-N´-(4-(Dimethylamino)benzylidene)-2-(4-methyl-2-oxo-2H-chromen-7-yloxy) acetohydrazide
(E)-N´-(2-Hydroxy-5-nitrobenzylidene)-2-(4-methyl-2-oxo-2H-chromen-7-yloxy)acetohydrazide (2k
(E)-2-(4-Methyl-2-oxo-2H-chromen-7-yloxy)-N´-[(E)-3-phenylallylidene]acetohydrazide
General procedure for preparation of N-(2-(substituted)-4-oxothiazolidin-3-yl)-2-(4-methyl-2-oxo-2H-chromen-7-yloxy) acetamides 3a-l [33]
To a solution of (E)-2-(4-methyl-2-oxo-2H-chromen-7-yloxy)-N´-[(E)-3-arylidene]acetohydrazide 2a-l (0.01 mol) in dry 1,4-dioxane (15 mL), freshly distilled mercaptoacetic acid (0.01 mol) and anhydrous ZnCl 2 (0.1 g) were added and the mixture was heated under reflux 10 to 12 hours. The solvent was removed (reduced pressure) and residue washed with 5% sodium bicarbonate solution (3 × 20 mL) and water (2 × 20 mL), dried, and recrystallized from an appropriate solvent. (1 mL, 0.6 M sulphuric acid, 28 mM sodium phosphate and 4 mM ammonium molybdate). The samples are incubated in a water bath at 95 °C for 90 minutes. Samples are cooled to room temperature and the absorbance was measured at 695 nm. The antioxidant activity was expressed relative to the antioxidant activity of same concentration of ascorbic acid.
N-(2-(2-Hydroxyphenyl)-4-oxothiazolidin-3-yl)-2-(4-methyl-2-oxo-2H-chromen-7-yloxy
N-(2-(2-Chlorophenyl)-4-oxothiazolidin-3-yl)-2-(4-methyl-2-oxo-2H-chromen-7-yloxy) acetamide
N-(2-(3-Chlorophenyl)-4-oxothiazolidin-3-yl)-2-(4-methyl-2-oxo-2H-chromen-7-yloxy) acetamide (3c
N-(2-(2,4-Dihydroxyphenyl)-4-oxothiazolidin-3-yl)-2-(4-methyl-2-oxo-2H-chromen-7-yloxy) acetamide (3e
N-(2-(3,4-Dihydroxyphenyl)-4-oxothiazolidin-3-yl)-2-(4-methyl-2-oxo-2H-chromen-7-yloxy) acetamide (3f
N-(2-(4-hydroxy-3-methoxyphenyl)-4-oxothiazolidin-3-yl)-2-(4-methyl-2-oxo-2H-chromen
2-(4-Methyl-2-oxo-2H-chromen-7-yloxy)-N-(4-oxo-2-(3-phenoxyphenyl)thiazolidin-3-yl) acetamide (3i
Conclusions
In this study a series of Schiff's bases (E)-N-2-aryliden-2-(4-methyl-2-oxo-2H-chromen-7-yloxy)acetohydrazides 2a-l and novel N-(2-(substituted phenyl)-4-oxo-thiazolidin-3-yl)-2-(4-methyl-2-oxo-2H-chromen-7-yloxy)acetamides 3a-l were synthesized and evaluated for their antioxidant activity by phosphomolybdenum method. The 1,3-thiazolidine-4-one derivatives containing the coumarin moiety were synthesized by cyclocondensation of the Schiff's bases and mercaptoacetic acid. Compounds which are indicated as already known are resynthetized and the analytical data obtained for these compounds were comparable, but slightly different from those of other authors. For all the novel compounds structures were elucidated by the means of various spectral methods. Two of the Schiff's bases (2g, 2d) and three of 1,3-thiazolidine-4-ones (3g, 3d, 3e) proved to have better antioxidant activity in comparison with ascorbic acid. In conclusion, it is evident that the substituents on the phenyl ring have a great influence on antioxidant activity.
